Aim: The aim of this study was to evaluate the accuracy of two different apex locators for working length determination during root canal retreatment of mandibular molars in an in vitro study. Method: Sixty extracted mandibular first molars with separate mesial canals and apical foraminae and one distal canal were selected. The mesiobuccal and distal canals were investigated; the length with the file tip at the major diameter was defined as the tooth length (TL). The canals were prepared with ProTaper files to 1 mm short of this and filled with gutta-percha and AH Plus sealer. One week later, the root fillings were removed using ProTaper and M2 retreatment files. Tooth length was remeasured and recorded as the retreatment tooth length (RTL). Then electronic measurements were taken at the major (electronic apex locator (EAL) major) and minor (EAL minor) foraminae with Root ZX and Apex ID apex locator as suggested by the instrument display. These lengths were compared with RTL and measurements 0.5 and 1 mm short of this distance. Results: For both canals, no significant difference was found between RTL and EAL major, and 0.5 mm short of RTL and EAL minor with Root ZX apex locator and protaper retreatment files. There were significant differences found between Apex ID apex locator with M2 retreatment files readings. Conclusion: Root ZX apex locator was more accurate as compared to Apex ID apex locator in determining the working length in teeth after removing the root canal obturating material.
INTRODUCTION
Working length plays an important role during endodontic treatment. It helps in complete removal of the debris from the canal and is considered to be the most critical juncture of successful therapy. [1] Canal preparation is ideally done and filled to the minor foramen which is considered to be the narrowest point of the canal. At this point, there is a minimum blood supply and has innate repair potential. [2] There are various methods for determination of working length out of which radiographic is generally accepted. This method has a disadvantage that it cannot determine the apical constriction, but with the introduction of the electronic apex locators, this problem can be solved as it works on the electronic principle and can determine the treatment and retreatment working length up to the minor foramen. [3] This study aims to evaluate the accuracy of Root ZX and Apex ID apex locators for retreatment working length determination in the molar root canals.
Accuracy of two different apex locators for working length determination during root canal retreatment of mandibular molars using two different retreatment files: An in vitro study
MATERIALS AND METHODS
The present study was conducted in the Department of Conservative Dentistry and Endodontics at Bhojia Dental College and Hospital. The study sample constituted of 60 extracted mandibular first molars. Teeth with three canals, morphologically normal and no evidence of fracture or resorption were included in the study while teeth with carious roots, external or internal root resorption, open apex roots were excluded from the study. With the use of ultrasonic scaler, external debris were removed. Expeditious bur (Mani, Tochigi, Japan) was used for access preparation and Endo Z bur (Dentsply Tulsa Dental Specialties; Tulsa, Oklahoma) for refinement was used. Decoronation was done at the cementoenamel junction following access preparation, as it provides a stable horizontal reference point for measurement of working length. Size #15 K-file (Mani, Tochigi, Japan) was used for pulp debridement. Irrigation protocol was followed using 3% sodium hypochlorite (Dentpro, India). ×2.5 loupes were used for calculating the length of mesiobuccal and distal root with 15# k file which was advanced until it appeared at the apical foramen. Silicon stop was accustomed at the reference point, and the length between stop and tip was calculated using Vernier Caliper to the nearest 0.5 mm. After repeating measurements for three times by two individuals, their mean value was calculated. This length achieved is called as tooth length (TL) and after deducting 1 mm, the length established is the working length. Protaper files were used for biomechanical preparation. For working in the middle third of the root, shaping files S1 and S2 were used followed by finishing file F1 keeping in mind the manufactures guidelines. Ethylenediaminetetraacetic acid paste was used to smear the files before introducing them into the canal. 2 ml of 3% NaOCl was flushed into the canal during preparation. Paper points were used for drying the canals and were then obturated with F1 gutta-percha points which were coated with AH Plus sealer using single cone technique. The cavity was closed with cavity and teeth were stored in 100% moisture for 7 days. Two different rotary files were used for retreatment after 7 days and accordingly samples were divided into two groups as follows.
Group I
With the help of Protaper retreatment files, the obturating material was removed from the canal. Removal from coronal third was done with D 1 file while D 2 file was used for removal from the middle and D 3 to the working length.
Group II Mtwo retreatment files were used for removal of obturating material. Two files 15/0.5 and Mtwo retreatment file 25/0.5 were used up to the working length. 3% NaOCl was used for irrigation after removal of material from the canals. With 15 K-file mesiobuccal and distal root was re-measured with silicon stop adjusted to the reference point and distance from stop to the file tip was measured with Vernier Caliper to the closest to 0.5 mm. Two individuals repeatedly measured each tooth thrice and calculated its mean. Working length after removing the material was obtained by deducting 1 mm from the TL. With the help of radiographs amount of gutta-percha remained in the canal was calculated. Next, to the setting alginate, roots were embedded with their apical third submerged into the alginate and the lip clip of the apex locator was placed into the setting alginate so that the circuit of apex locator can be completed. These groups were further divided into subgroups.
Sub Group I Root ZX apex locator was used for the measurement of working length.
Sub Group II
Apex ID apex locator was used for measuring the working length.
Working length determination using root ZX and apex id apex locator For Root ZX apex locator, 15 # K file was used for the measurement of working length till the lowermost part of the green bar on the apex locator screen. For Apex ID apex locator measurements were taken when the display on the screen showed "0." The length between the stopper and the file tip was measured and these readings for each tooth were repeated three times by two operators and the values were recorded. Complete procedure was performed within 2 h. These values were compared with the retreatment TL.
RESULTS
Data were calculated in the tabulated form and was subjected to statistical analysis [ Table 1 ]. ANOVA test was used to evaluate the values which revealed the mean difference values of SBIA, SBIIA, SBIB, SBIIB to be 0.93, 0.33, 0.03, 0.10 and the standard deviation for SBIA, SBIIA, SBIB, SBIIB be ± 0.21, ±0.40, ±0.12, and ± 0.02, respectively. These results were then evaluated with post hoc test which showed no significant difference in Apex ID with Mtwo retreatment files, but a significant difference was seen in the Root ZX apex locator and Protaper retreatment files. Difference of Apex ID with Mtwo retreatment files was −0.3000 with the value of P = 0.015 and that for Root ZX with Protaper retreatment files was −0.0100 with the value of P = 0.015 [ Table 2 ].
Graph 1 shows mean difference between working length calculated with Vernier Caliper and apex locator.
Graph 2 shows mean difference between working length calculated by Vernier calculated with Vernier Caliper and apex locator after retreatment of the tooth.
DISCUSSION
Apex locator is based on the principle that certain features of human tissue can be designed using electrical components. Therefore, it is possible to detect the canal terminus, by measuring the electrical properties of the model. [4] In number of studies performed on apex locator, teeth with single straight canals were used. We selected canals from mandibular molars so that more exacting model can be generated. Another reason was that mesiobuccal root of mandibular molar is more constricted, irregularly formed and is a complicated structure as compared to the teeth with the single canal. Reason for selecting the distal canal was to create standardization. 3% sodium hypochlorite was used to immerse teeth to remove soft-or hard-tissue tags present on the root surface. Crowns were removed to generate a horizontal reference point. [5] [6] [7] Weiger et al. also focused on 
Graph 2: Mean difference between working length calculated by Vernier caliper and apex locator after retreatment
the preparation of a reference point and to consider the use of stable silicon stop. [8] Access opening was done after preparing reference surface and working length was measured with the help of Vernier Caliper. The preparation of the root canal was done to the F1 Protaper universal file size.
Peters et al. have shown that Protaper file does not have U-shaped design and due to the presence of variable taper on its working end, it minimizes the number of instrument per set, also claims that there is a reduction in the torsional load that decreases the frictional surface resulting in the decrease in the effectiveness of cutting of the instrument. [9] By using single cone technique root canals were filled with F1 gutta-percha. AH plus sealer was used to smear the canal and gutta-percha cone before sealing it into the canal. The advantage of using single cone technique is that the master cone best matches the geometry of nickel-titanium rotary files. Sealing canal with single cone and sealer helps in formation of a single mass that does not result in failure as seen in multiple cone technique. [10] [11] [12] [13] Because of presence of less shrinkage during setting and long-term stability, resin-based sealer (AH Plus) was preferred. To generate conditions similar to the oral cavity and to establish total setting of the sealer, teeth were immersed in 100% moisture postobturation for 1 week. [14] [15] [16] [17] [18] Wilcox and Juhlin in their study showed that the detection and removal of obturating material which gets deposited on the walls of root canal is difficult if solvent is used. [19] It may also hamper the antimicrobial properties of irrigants, and increase operating time, therefore using two file systems, i.e., Protaper and Mtwo retreatment files were used for removing obturating material from the canals. [20] Protaper retreatment files constitute three files that have an active tip which aid in initial entrance into the obturating material during its removal. According to the manufactures's recommendations D1 and D2 should be used for preparation of coronal and middle third while D3 was used up to the working length. Mtwo retreatment file system constituting two instruments of size 15 and 25 with 0.5% taper and two blades of S-shape crossection with an active tip claims easy entrance into the obturating material. The findings of this study are in accordance with the study done by Marfisi et al. showed that because of presence of S-shaped crossection and a shorter pitch length it becomes easy to penetrate into the root canal material. Mtwo retreatment files have inferior properties as compared to Protaper retreatment files because of presence of two cutting edges which aggressively cuts the dentin. [21, 22] In the present study, Root ZX showed better results as compared to Apex ID, possibly because the residual root filling material occluding the dentinal tubules predisposes to a reduction in electrical conductivity and an increase in impedance, a factor potentially enhancing the electrical detection of the Apical File. Working length determined by the Root ZX before obturating the root canals and after removing the root fillings was not significantly different. [23] When the result of Protaper and Mtwo retreatment system were combined with that of the Root ZX and Apex ID apex locator, Root ZX with Protaper retreatment files proved to have better results as compared to Apex ID with Mtwo retreatment files with significant values, as it does not aggressively cut the dentin during retreatment thus does not alter the apical constriction as compared to the Mtwo retreatment files which cuts the dentin aggressively during the removal of the gutta-percha during retreatment of the tooth thus alters the position of the apical constriction. Chirila et al. in their study also showed that Root ZX (third generation) apex locator is more accurate than Apex ID (fourth generation) apex locator. The accuracy of Root ZX was found to be 98.28% while that of Apex ID apex locator was 86.66% ±0.5 mm from the actual length. [24, 25] 
CONCLUSION
The apex locators can be successfully used to determine the working length in endodontic retreatment. Under the conditions of our in vitro study Protaper retreatment files left significantly lesser gutta-percha and root canal sealer as compared to Mtwo retreatment files, and hence proved to be more efficient than Mtwo retreatment files. Under the parameters of this study Root ZX apex locator was more accurate as compared to Apex ID apex locator in determining the working length in teeth after removing the root canal obturating material.
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